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1.0 HAZARD CHARACTERIZATION

Lindane isamoderately toxic compound in EPA toxicity class 1. Labels for products containing
it must bear the Sgnd Word WARNING. It is neither an eye nor derma sengtizer. Some formulations
of lindane are classified as Restricted Use Pesticides (RUP), and as such may only be purchased and used
by certified pesticide gpplicators. Lindane isno longer manufactured inthe U.S., and most agriculturd and
dairy uses have been canceled by the EPA because of concerns about the compound's potential to cause
cance.

The primary effect of lindane is on the nervous system; as seen in both acute, subchronic, and
developmenta neurotoxicity studies, as well as, combined chronic and carcinogenicity study, lindane
appears to cause neurotoxic effects induding tremors, convulsons and hypersengtivity to touch. Thisis
further corroborated by the published literature in which human exposure has been seen to produce
neurologic effects. Lindane dso causesrena and hepatic toxicity viatheord, derma and inhdation routes
of exposure as seen in subchronic, reproduction and chronic toxicity sudiesin the rat.

In developmenta toxicity sudies, no developmenta effects were seen at levels where maternd
toxicity wasevident. Intherat developmenta study, the developmentd effects (extrarib and totd skeletd
variations) were seen a dose leves (20 mgkg/day) greater than those that dicit maternd toxicity (10
mg/kg/day). Inthereproduction study, both systemic and developmenta L OAEL sare 13 mg/kg; however
a quditative difference in materna and offpring effects (reduced body weight of maternal animas and
reduced viability and ddlayed maturation in pups) indicates an increased pup susceptibility to exposure
tolindane. Thisis further corroborated by a developmenta neurotoxicity study in which aquditative
and quantitetive increase in susceptibility isseen. At the high dose (13.7 mglkg/day) , parentd animds
have a reduced body weight and body weight gain while at the mid-dose (5.6 mg/kg/day) offspring
have areduced surviva rate, decreased body weights and body weight gains during lactation, increased
motor activity, and decreased motor activity habituationas compared to controls. The FQPA factor was
therefore reduced to 3X.

The toxicity endpoints have been sdected by the Hazard Identification Assessment Review
Committee (HIARC, 7/00) and canbe found in Section 8- Appendices. They include acute and chronic
reference doses (RfDs), and short-, intermediate- and long-term derma and inhaation no observable
adverse effect levels (NOAELS). A reassessment of the cancer classification will occur after areview of
the new mouse carcinogenicity report due in December 2000. Currently, according to the TES committee
report (1994), lindane has not beenclassfied by the HED Cancer Peer Review Committee. The RfD/Peer
Review Committee (1993) concluded that: "The mouse carcinogenicity datawere conddered insufficient
because of mgjor deficienciesassociated withdl sudiesavailable.” Lindane however had been previoudy
(1985) dassfied by the Cancer Assessment Group of the Office of Research and Development as a group
B2/C carcinogenbased onincreasedincidenceof mouselivertumors. The upper-bound dope of the dose-
response as reported in the memorandum is Q1* = 1.1 (mg/kg/day) ™.

Lindane does not gppear to be mutagenic. The available mutagenicity studies are negative, they
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indude a dominant lethad mutationassay, Sster chromatid exchange assay and mammédiancd| culture gene
mutationin V79 cells. 1PCS (1991) reported that lindane does not appear to have mutagenic potential.

There is some evidence that lindane may act as an endocrine disruptor; further investigation is
necessary to ascertain the relevance and impact of such findings on public hedlth.

20 REQUIREMENTS

The requirements (CFR 158.340) for food-use for LINDANE arein Table 1.

Table 1A
Test Technical
Required Satisfied

870.1100 AcuteOra TOXICIty .......ccvviiiiiiiininennn. yes yes
870.1200 AcuteDerma TOXiCity .........covviiiinieiinn.. yes yes
870.1300 Acutelnhaation TOXiCity ..........ccovviiieiennnn... yes yes
870.2400 Primary Eyelrritation .. ........... ... .. . yes yes
870.2500 Primary Dermal Irritation ........... ... ... ... yes yes
870.2600 Dermal Sensitization .......... ...t yes yes
870.3100 Oral Subchronic(rodent) . ...........c...oiiiiiaaa... yes -
870.3150 Oral Subchronic (nonrodent) .. .................. ..., yes -
870.3200 21-DayDerma ............c.ciiiiii - -
870.3250 90-Day Dermal ........ ...t yes yes
870.3465 90-Day Inhalation .............. ... yes yes
870.3700a Developmental Toxicity (rodent) ..................... yes yes
870.3700b Developmental Toxicity (nonrodent) .................. yes yes
870.3800 Reproduction . .............uiiiiiiiiii . yes yes
870.4100a Chronic Toxicity (rodent) ...............ccovvinia... yes yes
870.4100b Chronic Toxicity (nonrodent) .................c.oun... yes -
870.4200a ONCOGENICItY (Fat) .. ..o v vt yes yes
870.4200b OncogeniCity (MOUSE) . . . oo vt et e e e e yes no

870.4300 Chronic/ONCogeniCity .. ........uuueuneeinennennn.

870.5100 Mutagenicity—Gene Mutation - bacterial ..............

870.5300 Mutagenicity—Gene Mutation - mammalian ............ yes yes
870.5915 Mutagenicity—Other Genotoxic Effects ............... yes yes
870.6100a Acute Delayed Neurotox. (hen) ...................... no -
870.6100b 90-Day Neurotoxicity (hen) ......... ..., no -
870.6200a Acute Neurotox. Screening Battery (rat) . ............... yes yes
870.6200b 90 Day Neuro. Screening Battery (rat) . ................ yes yes
870.6300 Develop. NeUro . ... yes yes
870.7485 General Metabolism ......... ...
870.7600 Derma Penetration .............c.ciiiiiiiiiiii... yes yes
Special Studiesfor Ocular Effects
AcuteOral (rat) .. ...oooe no -
SubchronicOral (rat) . . ... no -
Six-monthOrd (dog) . .......coovivvii . no -

A Use of the new guideline numbers does not imply that the new (1998) guideline protocols were used.



Lindane/ September 2000 RED Toxicology Chapter

30 DATA GAP(S

A Mouse Carcinogenicity Study is expected in December 2000.

40 HAZARD ASSESSMENT
41 Acute Toxicity

Adegquacy of databasefor acute toxicity: Thedatabasefor acutetoxicity isconsidered complete,
No additiond studies are required at thistime. Lindane is amoderately toxic compound in EPA toxicity
class Il. It is nether an eye nor derma sendtizer. The vehicle used when adminigering lindane can
determine itstoxicity. It gppearsthat oily solutions of lindane are more toxic than ones suspended in water.
Clinicd s9gnsinduding convulsons, spasms aswdl as death have beenfound to occur after adminigtration
of lindane. The acute toxicity dataon LINDANE is summarized below in Table 2.

Table 2. Acute Toxicity Dataon LINDANE

Guiddine No./ Study Type MRID No. Results Toxicity
Category
870.1100 Acute oral toxicity 00049330 LDy, 88 mg/kg - maes Il
91 mg/kg - females
870.1200 Acute dermal toxicity 00109141 LDg, 1000 mg/kg - males I
900 mg/kg - females
870.1300 Acute inhalation toxicity Acc. 263946 LCs, 1.56 mg/L both sexes I
870.2400 Acute eye irritation Acc. 263946 PIS=0.6 11

no corneal involvement
irritation cleared after 24 hours

870.2500 Acute dermal irritation Acc. 263946 PIS=0 notanirritant v

870.2600 Skin sensitization Acc. 263946 not a sensitizer NA

4.2 Subchronic Toxicity

Adeqguacy of data base for subchronic toxicity: The databasefor subchronictoxicity isconsdered
complete due to the availability of chronic studiesand subchronic neurotoxicity sudy. No additional sudies
arerequired a thistime.

Lindane appears to affect the liver and kidney in mae rats when administered through the ord,
dermd or inhdaionroutes of exposure. Inaddition, inan ora neurotoxicity study, hypersenstivity to touch

6
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and hunched posture were the basis for a neurotoxicity LOAEL of 28.1 mg/kg.

870.3100 90-Day Oral Toxicity - Rat
The requirementsfor subchronic oral studiesare satisfied by chronic oral studies. Seechronicoral
section for executive summaries.

870.3100 90-Day Oral Toxicity - Mouse
The requirementsfor subchronic oral sudiesare satisfied by chronic oral studies. Seechronic ora
section for executive summaries.

870.3150 Oral Toxicity - Dog
Chronic sudiesintwo species, rat and rabbit, areavailable. Seechronic ord section for executive
summaries.

870.3200 90-Day Dermal Toxicity — Rat

EXECUTIVE SUMMARY : Inasubchronic derma toxicity sudy (MRID 41427601), groups of
40 mde and 40 femde New Zedand white rabbits were treated with lindane (99.5% a.i.) in 5% agueous
carboxymethyl cellulose at doses of 0, 10, 60, or 400 mg/kg/day. Dueto excessvetoxicity the high dose
was reduced to 350 mg/kg/day from week nine and to 320 mg/kg/day from week eeven. Animaswere
treated by dermal occlusionfor 6 hours/day, 5 days/week. Within each dose group, 10 animals/sexwere
used for interim sacrifice at week 6, 20 animag/sex were used for the main study and dosed for 13 weeks,
and 10 animalg/sex were dosed for 13 weeks and alowed a 6 week recovery period.

Tremors and convulsions were observed in high-dose animas beginning after day 16 in males and
after day 19 infemaes. One mid-dosefemae displayed these clinica sgnson day 50 only. Clinicd sgns
of toxicity were not observed in low-dose animas. Reactions at the Ste of gpplicationwere not reported.
In the high-dose group, 17 mdes and 8 femdes died prior to scheduled sacrifice. Deaths were first
observed after week 5. All animas in the control, low-, and mid-dose groups survived to scheduled
sacrifice.

Body weights and body weight gains by the low- and mid-dose mdesand femdesweresmilar to
the controls throughout the sudy. High-dose maes and females began to loseweight after the first week
of the study resulting in absolute body weights 3-7% and 3-10%, respectively, lower than the controls
during the 13 weeks of treatment. During recovery, body weights of the males remained 3-8% below the
controls while females recovered to 1-3% lower than the controls. Body weight data were not andyzed
datidicaly. Body weight lossby the high-dosegroups correlated with generdly reduced food consumption
during treatment.

No treatment-related effects were observed on ophthamology, urinalysis, or white blood cell
parameters. Alkdine phosphatase activity was sgnificantly increased in high-dose animds a interim
sacrifice for femdes (+34%; p # 0.05), and a main study sacrifice for maes (+44%; p # 0.01) and
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females (+53%; p # 0.01). High-dose femaes dso had significantly increased (-glutamyl transferase
activity (+38%; p # 0.01) at main study sacrifice. For high-dose males, significant (p # 0.05 or 0.01)
reductions inhemoglobin (-7%), RBC (-8.6%), and PCV (-5.7%) were observed at main study sacrifice.
Thesered cdl parameterswere comparable to the controls after recovery. Red cdl parametersinfemales
were not affected.

At main study sacrifice, high-dose maesand fema eshad dightly increased absol ute kidney weights
and sgnificantly (p# 0.01) increased rdative kidney weightsas compared withthe controls. Absoluteand
relative kidney (left and right) weights were 104-106% and 112-114%, respectively, for males and 105-
106% and 115-116%, respectively, for femades. High-dose femades dso had significantly (p # 0.01)
increased absolute (+27.01 to 27.24%) and relative (+30.53 to 44.985) liver weights at both interim and
main sudy sacrifice which remained dightly (+13to 17.31%; n.s.)) eevated after recovery. Relative liver
weights were significantly (+36.77%; p # 0.01) increased for high-dose maes at man study sacrifice.
Absolute adrend weights (left and right) were sgnificantly (p # 0.05 or 0.01) increased a main study
sacrificefor mid-dose males (+19.5 to 23.4%), high-dose maes(+40.5t0 46.3%), and high-dosefemaes
(+33t034%). Reative adrend weights were increased (p # 0.05 or 0.01) +19 to 21.6% for mid-dose
maesand +46 to 56.9% for high-dose maes and femaes. Following the recovery period, organweights
of the treated groups were smilar to the control group.

No treatment-related gross or histopathological lesons were observed in the kidneys, adrenals,
or skin. The incidence and severity of centrilobular hypertrophy of the liver was increased in mid- and
high-dose maes and femdes at the interim, main, and recovery sacrificetimes. At both the interim and
main sacrifices, centrilobular hypertrophy was observed in 20% of mid-dose maes, 25-30% of mid-dose
femaes, 80-100% of high-dose maes and 73-90% of high-dosefemdes. Following recovery thisleson
was seen in 30% and 40% of mid-dose maes and femaes, respectively, and in 50% and 29% of high-
dose maes and females, respectively.

Therefor e, the dermal toxicity LOAEL is>400 mg/kg/day and the dermal toxicity NOAEL
is not identified. The systemic toxicity LOAEL is 60 mg/kg/day based on histopathological
lesions of the liver in malesand females and increased adrenal weights of males. The systemic
toxicity NOAEL is 10 mg/kg/day.

Thissudy isdassfied as Acceptable/guideline and does satisfy the guiddine requirements for
arepeated-dose dermal study (82-2) in rabbits.

870.3465 90-Day Inhalation — Rat

EXECUTIVE SUMMARY': Inasubchronic inhdation toxicity sudy (Accesson No. 255003),
lindane (99.9% a.i., Batch no. 79044/174) was administered by inhaation to groups of 12 mae and 12
female Wigtar rats at nominal concentrations of 0, 0.02, 0.10, 0.50, or 5.0 mg/n?, 6 h/day for 90 days.
Additiona control and high concentration groups, 12 rats/sex, were treated for 90 days and alowed to




Lindane/ September 2000 RED Toxicology Chapter

recover for 6 weeks before sacrifice. Andyticaly measured atmospheric concentrations were 0, 0.02,
0.12, 0.60, and 4.54 mg/n?, respectively. Thearithmetic mean particle size of the aerosol was 1.11+0.39
- m and the geometric mean was 1.03+1.45 - m.

Lindane was detected in the brain, liver, fat, and serum of al exposed rats. The chemical
accumulated in fat with levels reaching 127,120 : g/g and 58,260 : g/g in high-dose femaes and maes,
respectively. After the recovery period, traces of lindane were gill detectable in the tissues.

All rats survived to scheduled sacrifice. “Sight” diarrhea and piloerection were observed in dl
males and femaes exposed to the highest concentration, but the time to onset and duration were not
included. No exposure-related effects were noted for body weight gain, food consumption, water
consumption, or urinalyds parameters. Although hematology parametersdid not appear to be affected by
treatment, no individud animd data were included and the datistics could not be verified. Clinica
chemigtry results, especidly for Na', K*, and Ca™, were highly varigble. Cytochrome p-450inmaesand
females exposed to 5 mg/m?® was 338% and 174%, respectively, of the control values after 90 days, but
smilar to the control levels after the recovery period.

Bone marrow myeograms from animals exposed to 5 mg/m? showed sgnificantly (p # 0.05)
increased reticulocytes (+108%), stem cdls (+31%), and myeloblagts (+33%) in males,and increased
reticulocytes (+55) in femaes, and decreased (-45%) lymphocytesin females. However, these changes
in bone marrow cannot be definitively attributed to trestment since bone marrow from the other exposed
groups was not assayed.

Males exposed to 5 mg/m? had significantly (p # 0.05 or 0.01) increased absolute (+7.8% to
+11.7%) and relative (+19.1% to 19.2%) kidney weights as compared with the controls. Absolute and
relaive kidney weights in the males exposed to 0.5 mg/m? were increased by 8-9.8% and 6.9-8.2%,
repectively.  Although not gatistically significant, the increases in kidney weights for these groups were
considered biologicdly sgnificant. After therecovery phase, kidney weightsfrom the exposed maleswere
smilarto the controls. Infema esexposed to 5 mg/m? absolute and rdlaive kidney weightswereincreased
(p # 0.05) by 9.2-9.9% and 7.9-8.2%, respectively, as compared with the controls.

Inhigh-dose maes, bsoluteliver weightswere not affected, but relativeliver weightsweredightly
(6.9%) higher than the controls. For femaes exposed to the highest dose, absolute and relative liver
weights were 12.2% and 11.0% higher, respectively, than the controls. No differences in absolute and
relative liver weights were noted between the exposed and control groups after the recovery period.

Kidney lesonsin males exposed to 0, 0.02, 0.10, 0.50, or 5.0 mg/n?, were observed in 17%, 0, 25%,
83% and 82%, respectively, of the animas Theselesonsincluded cloudy sweling of the tubule epithdlia,
dilated rend tubules with protein containing contents, and proliferated tubules. After the recovery phase,
only cloudy swdling of the tubule epithdia was observed intwo control animasand one high-concentration
animd.
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Therefore, the systemic toxicity LOAEL is0.50 mg/m? (0.13 mg/kg) based on transient
microscopic lesions in the kidney and increased kidney weights of male rats. The systemic
toxicity NOAEL is 0.1 mg/m? (0.025 mg/kg).

This study is consgdered Acceptable/guideline and satisfies the requirement for a subchronic inhaation
toxicity study in rats[82-4].

870.6200 Subchronic oral neurotoxicity— Rat
See Section 4.8 Neurotoxicity for Executive Summary

4.3 Prenatal Developmental Toxicity

Adequacy of data base for Prenata Developmental Toxicity: The data base for prenata
developmentd toxicity is consdered complete. No additiona studies are required at thistime.

Lindane is not considered teratogenic when administered orally or subcutaneousy. Developmenta
NOAELs were found to be at levels equal to or greater than maternal NOAELS, except in the
Developmenta Neurotoxicity Study. The neurotoxicity LOAEL was 5.6 mg/kg/day (NOAEL is 1.2
mg/kg/day) based on reduced pup survival, decreased body weights and body weight gains during
lactation, increased motor activity, and decreased motor activity habituation compared to a maternd
toxicity LOAEL of 13.7 mg/kg/day (NOAEL is 5.6 mg/kg/day) based on decreased body weight gains,
decreased food consumption, and increased reactivity to handling.

870.3700a Prenatal Developmental Toxicity Study - Rat

EXECUTIVE SUMMARY : In adevelopmentd toxicity study (MRID 42808001), 20 presumed
pregnant CFY (derived from Charles River CD) rats per group were administeredtechnica lindane (purity
not given; BatchNo. 6801/403) by gavage in 0.5% carboxymethyl-cellulose at doses of 0, 5, 10, and 20
mg/kg/day on gestation days (GD) 6-15, inclusve. On GD 20, dams were sacrificed by CO,, subjected
to gross necropsy, and al fetuses examined externally. Approximately one-third of each litter was
processed for viscera examination and the remaining two-thirds was processed for skeletal examination.

Degths of two high-dose dams were étributed by the authors to trestment athough the cause of
deathwasnot reported. No trestment-related clinica Sgnsof toxicity were observed in any anima. Body
weight gainsand food consumption by the mid- and high-dose groupswere decreased during the trestment
interva as compared withthe controls. Body weight gainsby the mid- and high-dose damswere 70% and
46%, respectively, of the control values during GD 6-14. Food consumption by the mid- and high-dose
groupswas 72% of the control level during GD 7-10 and 92% and 65%, respectively, during GD 11-14.
It should be noted that data were not available for the entire dosing interval and that datistical anayses
were not provided for these data.

Materna necropsywasunremarkable. Organweightsweresmilar between thetreated and control

10
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groups.
Therefore, the maternal toxicity LOAEL is 10 mg/kg/day basedon reduced body weight
gain and food consumption. The maternal toxicity NOAEL is5 mg/kg/day.

No dgnificant differences were observed between the control group and the treated groups for
number of corporalutea, number of implantationsites, live fetuses/dam, pre- and post-implantation losses,
fetal body weights, or fetd sex ratios. No trestment-related effects were found a externa or viscera
examination of the fetuses.

The percentage of littersin the control, low-, mid-, and high-dose groups containing fetuses with
extra(14th) ribswas 12.7, 21.0, 31.7, and 40.6% (p # 0.05), respectively. Thetotd incidencesof litters
containing fetuses with skeletal variants were 43.4, 52.7, 59.5, and 68.0% (p # 0.01), respectively.
Although the response ratesinthe high-dose group for extraribsand total variantsarewithinthe upper limit
of higorical control data, they were considered treatment-related due to the dose-related manner of
increase.

Therefore, the developmental toxicity LOAEL is 20 mg/kg/day based on increasesin
extraribs and total skeletal variants; atrend for increasesin these endpointsat the lower doses
isrecognized. The developmental toxicity NOAEL is 10 mg/kg/day.

Although, this study was conducted prior to implementationof current guiddinesbut isconsidered
aufficient for the purpose for which it was intended. This study is dlassfied as Acceptable/nonguideline
and satidfiesthe requirementsfor adevelopmenta toxicity study (83-3a) inrats. Severa deficiencieswere
noted inthe conduct of this study: percent purity of the test article wast not given, less than 20 litterS/'group
were available, dosing solutions were not andyzed for concentration, stability, or homogenety, and much
of the individud animal data were not included.

EXECUTIVE SUMMARY: : In a developmenta toxicity study (MRID 00062656), groups of
presumed pregnant Sprague-Dawley ratswere administered lindane (purity not given; Lot No. 36346) by
subcutaneous injection in corn oil (1 mi/kg) at dosesof O, 5, 15, or 30 mg/kg/day on gestation days (GD)
6-15, inclusve. On GD 19, dams were sacrificed and the fetuses removed. Approximately one-third of
the fetuses from each litter were sectioned and examined for visceral maformationsivariations. The
remaning two-thirds of each litter were “examined externaly” and processed and examined for keletal
maformationsvariations.

Two high-doseanimds died prematurely. Clinical Sgnsof toxicity, including tremors, convulsons,
wrine stains, excitability, and anorexia, were reported for one high-dose animal. However, it was not
possible to correlate dinicd sgns with death since individud animd data were not included. No other
clinica 9gns of toxicity were reported. Body weight gains by the mid- and high-dose damswere 76% and
23%, respectively, of the control levels during the treatment interval with both groups ataining Satistica
sgnificance (p # 0.05). Overdl body weight gain by the high-dose group was 69% (p # 0.05) of the
controls. Food consumption by the high-dose group was 47% of the control level during GD 6-11. Body
weight gains by the low-dose group and food consumptionfor the low- and mid-dose groupswere Smilar

11
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to the controls throughout the study. Gross necropsy data, other than uterine data, for the dams were not
provided.

Ther efor e, the mater nal toxicity LOAEL is15mg/kg/day based on decr eased body weight
gain. Thematernal toxicity NOAEL is5 mg/kg/day.

No treatment-rel ated effectswere observed between the control group and the treated groupsfor
number of corporalutea, number of implantation Sites, live fetuses/dam, pre- and post-implantation losses,
fetd body weights, or fetad crown-rump lengths. No treatment-rdlated viscera or skeleta
maformationsivariaions were observed in any of the fetuses. Results of externd examination were not
reported.

Therefore, the developmental toxicity NOAEL is>30 mg/kg/day and the developmental
toxicity LOAEL wasnot identified.

Thisstudy is dassfied as Unacceptable/nonguideine and does not satisfy the requirements for
adevelopmentd toxicity study (83-3a) inrats. Severa deficiencieswere noted in the conduct of thisstudy:
the subcutaneous routeis not the preferred method of adminigiration, percent purity of the test article was
not given, dosing solutions were not andyzed for concentration, stability, or homogeneity, less than 20
litters/group were available for evduaion, and much of the individud materna and fetd data were not
included. However, this data may be used as supplementa information.

870.3700b Prenatal Developmental Toxicity Study - Rabbit

EXECUTIVE SUMMARY : In a developmenta toxicity study (MRID 42808002), 13 presumed
pregnant New Zedland white rabbits per group were administered lindane (purity not given; Batch No.
6801/403) by gavage in 0.5% carboxymethyl-cdluloseat dosesof 0, 5, 10, or 20 mg/kg/day on gestation
days (GD) 6-18, indusve. On GD 29, damswere sacrificed, subjected to gross necropsy, and al fetuses
examined for viscera and skeletd maformationsivariations. Datafrom externa examination of the fetuses
was not included.

All does survived to scheduled sacrifice. No treatment-rdated clinical sgns of toxicity were
observed. Maternd body weight and food consumption were smilar between the trested and control
groups. Gross necropsy was unremarkable. Organ weights were smilar between the treated and control
groups.

Therefore, the maternal toxicity NOAEL is >20 mg/kg/day and the maternal toxicity
LOAEL wasnot identified.

No treatment-related effects were observed in any dose group for number of corpora lutea,
number of implantation Stes, live fetuses/dam, pre- and post-implantation losses, feta body weights, or
fetal sex ratios. No trestment-related viscerd or skeletd maformationg/variations were observed in any
of the fetuses.

12
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Therefore, the developmental toxicity NOAEL is>20 mg/kg/day and the developmental
toxicity LOAEL wasnot identified.

This study is dassfied as Unacceptable/not upgradable and does not satisfy the requirements
for adevel opmentd toxicity study (83-3b) inrabbits. Maternal and developmentd toxicity LOAELswere
not identified and the highest dose did not approach the limit dose. Therefore, dose selection was
consdered inadequate. Doses were based on the results of a subcutaneous study in the rabbit (MRID
00062658) which isnot avaid method for seecting doses for an ord study. Severd other deficiencies
were noted in the conduct of this study: percent purity of the test article was not given, dosing solutions
were not andyzed for concentration, Sability, or homogenety, and muchof the individud animd datawere
not included.

EXECUTIVE SUMMARY : In a developmenta toxicity study (MRID 00062658), 15 presumed
pregnant New Zedand whiterabbits per group following artificd insemination were administered lindane
(purity and Batch No. not given) by subcutaneous injection in corn oil
(0.5 ml/kg) at doses of O, 5, 15, or 45 mg/kg/day on gestation days (GD) 6-18, indusve. Due to
excessive toxidity, the high dose was reduced to 30 mgkg/day after GD 9. On GD 29, dams were
sacrificed, subjected to gross necropsy, and al fetuses examined for visceral and skeleta
maformationsivariations. Data from externa examination of the fetuses was not included.

One mid-dose dam aborted and died on GD 21 and 14/15 high-dose animals died between GD 10 and
26. The high-dose group was then discontinued due to excessive mortality. Decreased activity and
immohbilized rear quarters were observed in the mid-dose group (frequency and number affected not
reported). No clinica signs of toxicity were observed in the low-dose group. During GD 6-20, does in
the mid-dose group had a body weight loss of 126.7 g as compared with a body weight gain of 218.0 g
by the controls. Body weight loss was accompanied by “markedly lower” food consumption by the mid-
dose animas. Body weight changes and food consumption for the low-dose group were smilar to the
controls throughout the studly.

It appeared that does in the mid- and high-dose group had differencesin the texture of the liver,
however, data from gross necropsy were dfficult to interpret due to poor copy qudity of the original

report.

Therefore, the maternal toxicity LOAEL is 15 mg/kg/day based on clinical signs of
toxicity, death, and reduction in body weight. The maternal toxicity NOAEL is5 mg/kg/day.

No treatment-rel ated effectswere observed betweenthe control group and the treated groups for
number of corporalutea, number of implantationsites, live fetuses/dam, pre- and post-implantation losses,
fetad body weights, or fetd crownrump distances. No treatment-related visceral or skeleta
maformationsivariationswere observed inany of the fetuses. Abortion by onemid-dosedoewasassumed
to be due to excessve maternd toxicity and not to adirect effect on the embryos or fetuses.

Therefore, the developmental toxicity NOAEL is>15 mg/kg/day and the developmental
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toxicity LOAEL was not identified.

Thisstudy is dassfied as Unacceptable/not upgradable and does not satisfy the requirements
for a developmentd toxicity study (83-3b) in rabbits. Severd deficiencies were noted in the conduct of
this study: the subcutaneous route isnot the preferred method of adminigtration, excessive toxicity occurred
at the high-dose, percent purity of the test article wast not given, dosing solutions were not andyzed for
concentration, gability, or homogeneity, and much of the individua materna and fetal data were not
included. However, these study results may be used in conjunction with the ord developmenta toxicity
study in rabbits (MRID 42808002) as supplementd information.

870.6300 Developmental Neurotoxicity Study - Rat
See Section 4.8 Neurotoxicity for Executive Summary

4.4 Reproductive Toxicity

Adequacy of data base for Reproductive Toxicity: The data base for reproductive toxicity is
considered complete. No additiond studiesare required at thistime. Both parenta and offspring LOAELs
are 13 mg/kg; however there is a quditative difference in the severity of effects. In the parentd animals,
toxicity was seen in the form of reduction in body weight gain during gestationwhile offspring toxicity was
correlated with decreases in pup viadility and pup body weght in the F, and F, generations as well as
delayed maturation in the F, generation. Evidence for quantitative increase in susceptibility could not be
ascertained due to the wide spread in the doses tested.

870.3800 Reproduction and Fertility Effects - Rat

EXECUTIVE SUMMARY : Inamultigeneration reproductive toxicity study (MRID 42246101),
lindane (99.5% a.i.; Batch No. DA433) was administered to groups of 30 male and 30 femde Charles
River CD rats at dietary concentrations of 0, 1, 20, or 150 ppm (0.087, 1.71, and 13.05 mg/kg/day,
respectively) during the per matingperiodfor two generations. Onelitter was produced in each generation.
F1 pups chosenas parental animals were weaned onto the same diet asthar parents. Test or control diets
were administered to the F, and F; parental animals for 71 and 70 days, respectively, before the animas
were mated within the same dose group. All animals were continuoudy exposed to test materid ether in
the diet or during lactation until sacrifice.

Premature sacrificesor intercurrent deaths of two F, animds and five F, animds were considered
incidentd to treatment; dl other F, and F; males and femaessurvived to termind sacrifice. No treatment-
related clinica signs of toxicity were observed in males or females of either generation a any time during
the study. No treatment-related effects on body weights, body weight gains, food consumption, or food
efficency were observed for the Ry, and F; maes and femaes during premating.  Gross necropsy and
histopathology of femaes was unremarkable.

During gestationdays 10-13, meanbody weght gain by the high-dose F, femaeswas sgnificantly
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reduced (11%). Mean body weight gains by the high-dose F, femaes were dso sgnificantly lower on
lactationday 1 (interva not specified) as compared to the control s, but recovery was apparent by weaning.
No treatment-rel ated changesin body weightsor body weght gainswere observed inthe F; femaesduring
gedtation or lactation.

High-dose mderats of bothgenerations had a Sgnificantly (p # 0.01) increased incidence of pae
kidneys (10/29 F, mdesand 10/30 F, maes) as compared withthe controls (0/30 and 0/28, respectively).
Aresas of change on the kidneys (not defined) were observed in 7/29 high-dose F, maes compared with
2/30 controls and in 4/30 mid-dose F; maes and 5/30 high-dose F, maes compared with 1/28 controls.
Sgnificantly (p < 0.01) increased incidence of hydronephrosis was observed in higndose F; maes(7/30)
ascompared to controls (0/28).  Absolute and relative kidney weights of the mid- and high-dose Fy maes
and the high-dose F; maes were significantly (p # 0.01) increased as compared with the controls.

Fo and F, mdesinthe mid- and high-dose groups had significantly (p # 0.01) increased incidences
of chronic interdtitia nephritis, cortical tubular cell regeneration, hydine dropletsin proximal tubules, tubular
necross with exfoliation and celular casts, and corticd tubular casts (n.s). These changes are
characterigtic of apha 2mglobulin accumulation, which is specific to mae rats.

Increased absolute and relative liver weights, accompanied by hepatocdlular hypertrophy, in the
mid- and high-dose maesand femdes of both generations were considered adaptive and of no biologica
sgnificance.

Therefore, the LOAEL for systemic toxicity is 150 ppm (13.05 mg/kg/day) based on
decr eased body weight gains by the F, femalesduring gestation. Thesystemictoxicity NOAEL
is20 ppm. In addition, the LOAEL for maleratsis20 ppm (1.71 mg/kg/day) based on increased
kidney weights and histopathological lesions in the kidney characteristic of alpha 2= globulin
accumulation; the NOAEL for malesis 1 ppm (0.087 mg/kg/day).

Mating, fertility, gestation surviva (postimplantation index), and liveborn indices, mean precoita
interva, and mean gestationlengthweresmilar betweenthetreated and control groups of both generations.
The sex digtribution was not affected by the test materid. Mean litter Sizes of the treated groups were not
different fromthe controls throughout lactationfor both generations. Viability indices for the high-dose F;
and F, pups were 81% and 85%, respectively, compared with $96% for the controls. Thisreductionin
surviva on lactation day 4 was due to the death or sacrifice (for humane reasons) of three F, littersand
two F, litters. No treatment-related clinica signsof toxicity were observed in the pups of either generation
during lactation. Pup necropsy was unremarkable.

Body weights of the low- and mid-dose F; and F, pups were smilar to the controls throughout
lactation. Body weights of the high-dose pups of both generations were significantly (p# 0.01) lessthan
the controls onlactationdays 1 and 25. In high-dose F, pups, the onset and completion of tooth eruption
and completion of har growth were sgnificantly (p # 0.01) delayed 10.5%, 11.6%, and 24%,
respectively, as compared with the controls.
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Therefore, the LOAEL for reproductive toxicity is 150 ppm (13.05 mg/kg/day) based on
reduced pup body weights and decreased viability in both generations and delayed maturation
of the F, pups. Thereproductivetoxicity NOAEL is 20 ppm (1.71 mg/kg/day).

This study is classified as Acceptable/guideline and satidfies the guiddine requirements for a
reproduction study (83-4) inrats. No mgor deficiencies were identified in the conduct of this study.
4.5 Chronic/ Carcinogenicity Toxicity

Adequacy of data base for chronic toxicity: The data base for chronic toxicity is considered
complete. No additiona studies are required a thistime. The liver appearsto bethe mgor target organ.
The incidence of periacinar hepatocytic hypertrophy was Sgnificantly (p # 0.01) increased inthe 100- and
400-ppm (4.81 and 6.00 mg/kg/day, respectively) maes and the 400-ppm femdes at 30 days and 26
weeks. In addition, increased liver and spleen weights, and decreased platelets were also noted.

Kidney lesons in maes indicative of apha 22 globulin accumulation were observed in animds
treated with $10 ppm, but are not considered relevant to human health risk assessment.

870.4100a (870.4300) Chronic Toxicity — Rat

EXECUTIVE SUMMARY : Results from interim sacrifice of 15 rats/'sex/group, at 30 days and
26 weeks, of an ongoing chronic/oncogenicity study are presented in thisreport (MRID 41094101). In
the chronic toxicity/oncogenicity sudy (MRID 41853701), lindane (99.75% a.i., Lot no. DA433) was
adminigtered in the diet to groups of 115 mae and 115 female Wigtar rats a concentrations of 0, 1, 10,
100, or 400 ppm for 2 years. Corresponding delivered doses were 0, 0.05, 0.47, 4.81, and 19.66
mg'kg/day, respectively, for males and 0, 0.06, 0.59, 6.00, and 24.34 mg/kg/day, respectively, for
femdes.

No clinica sgns of toxicity were observed. Mortditiesinthe O, 1, 10, 100, and 400 ppmgroups
included 1, 2, 2, 2, and 0 males, respectively, and 2, 0, 1, 1, and 8 femaes, respectively. Desathsinhigh-
dose femaesoccurred during weeks 2-4 and the cause of deathwas not determined. Body weightswere
dightly less than the controls for the high-dose maes (-6%) and femaes (-8%) during weeks 1-5 of the
study, but gradudly increased to within 2% of the control level by week 26 for males and week 9-10 for
femades Food consumption was “marginadly lower” in high-dose maes and femaes and water
consumptionwas“margindly higher” in high-dose maes (63 ml/kg/day versus 50 mi/kg/day for controls).

High-dose femadeshad sgnificantly (p # 0.01) decreased hemoglobin (-4 to -7%) at weeks 3, 12,
and 24, decreased RBC counts (-6 to -6.3%) at weeks 3 and 24, and decreased PCV (-4.2 to
-9.1%) at weeks 3 and 24. Thesered cdl parameters were “marginaly lower” for high-dose males, but
datistical 9gnificance was not reached. Platelet counts were increased by up to 13-14% in mid- (not
defined) and high-dose maes (week 12) and females (week 24). White cdll counts were sgnificantly (p
# 0.05) increased 27.5% in mid-dose (not defined) and 23.5% in high-dose femaes due to increasesiin
neutrophils.
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Saigticaly sgnificant (p # 0.05 or 0.01) changesin clinica chemistry parameterswere observed
in high-dose malesand femaesduring the first 24 weeks. Inorganic phosphorous was increased by 7.3-
29% and cdcdium was increased by 3.5-10%. Femaesin the 1, 10, and 100 ppm groups aso had
sgnificantly (+6 to +8%; p # 0.01) increased cacium levels at week 3 as compared with the controls.
Differencesinureaand total cholesterol by the high-dose maes and females were not consistent over time
and did not appear to be dose-related.

Urinalyses were conducted by routine andysis, after water deprivation, and after water loading.
Differencesinurindyds parameters betweentreated and control femaeswere considered randomand not
treatment-related. No clear evidence of an effect on kidney function was observed in males.

Absolute kidney weights were significantly (p # 0.05 or 0.01) increased in high-dose maes by
12.9% and 39.3%, and relative kidney weights were increased by 27.3% and 43.0% at 30 days and 26
weeks, respectively. Absolute and rdative kidney weights from the 100-ppm males were increased by
16.9% and 23.6%, respectively, a 30 days, but were smilar to the controls at 26 weeks.

Absoluteliver weightswere significantly (p # 0.01) increased by 40.8% in high-dose maes at 26
weeks and by 29.3% and 32.3% in high-dose females at 30 days and 26 weeks, respectively. Rdative
liver weights of the high-dose maesand femdeswere sgnificantly (p # 0.05 or 0.01) were greater (14.0-
37.2%) than the controls at both sacrifice times.

Increases in the incidence of pale kidneysin 100- and 400-ppm males were noted at necropsy.
At both 30 days and 26 weeks hyaine dropletsin the proxima tubules were observed in the kidneys of
dl maes(10/10; p# 0.01) receiving 10, 100, and 400 ppm compared with none of the controls. Tubular
regeneration (p # 0.01) was observed after 30 daysin 9-10/10 males treated with $10 ppm, but at 26
weeks was seen in only 8/10 males given 100 ppm and 7/10 given 400 ppm. In the 100 and 400 ppm
groups, interdtiti chronic nephritis occurred in 5-6 maes at 30 days and 26 weeks and cortical tubular
necrosis was observed in 9-10 malesat 30 days. At 26 weeks cortical tubular necrosiswas seenin only
2 100-ppm mades and 5 (p # 0.05) 400-ppm males. These treatment-related kidney lesions were not
observed in control males or in femaes a any dose leve.

The incidence of periacinar hepatocytic hypertrophy wassgnificantly (p # 0.01) increased in the
100- and 400-ppm maesand the 400-ppm femaes at 30 days and 26 weeks. At 30 daystheincidences
were 7/10 and 10/10 for males, respectively, and 9/9 for females. After 26 weeks of treatment, the
incidences were 8/10 and 10/10 for males, respectively, and 9/9 for femaes. Thisleson was not seenin
control animds of either sex. No treatment-related histopathological lesions were observed inthe spleen,
adrends, brain, or thymus. Bone marrow data presentation was inadequate for assessment.

Therefore, the systemictoxicity LOAEL is10ppm (0.59 mg/kg/day) basedonmicroscopic
lesonsin thekidney of malerats. The systemic toxicity NOAEL is 1 ppm (0.06 mg/kg/day).

This study is consdered Acceptable/nonguideline as an interim report for a combined chronic
toxicity/oncogenicity study in rats [83-5]. It is sufficient for the purpose for which it was intended as an
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interim report.

EXECUTIVE SUMMARY : Inachronic toxicity/oncogenicity study (MRID 41853701), lindane
(99.75% a.., Lot no. DA433) was administered inthe diet to groups of 50 mde and 50 femde Widtar rats
at concentrations of 0, 1, 10, 100, or 400 ppmfor 2 years. Corresponding delivered doses were 0, 0.05,
0.47, 4.81, and 19.66 mg/kg/day, respectively, for maesand 0, 0.06, 0.59, 6.00, and 24.34 mg/kg/day,
repectively, for femaes. Anadditiona 15 rats/sex/group were designated for interim sacrificesat 30 days
and 26 weeks (the resultsfromthese interim sacrifices are presented separately (MRID 41094101); more
sacrifices were performed at 52 and 78 weeks.

Clinicd Sgns of toxicity congsted of convulsonsin 11 high-dose femaes. No other clinicd signs
were observed. Surviva at the end of the study was 36, 36, 31, 20, and 16% for males and 49, 38, 44,
35, and 18% for femalesinthe 0, 1, 10, 100, and 400 ppm groups, respectively. Surviva of high-dose
maes was gmilar to the controls through week 93. For females, however, surviva was significantly
decreased in the high-dose group with 50% surviva reached at week 89 compared to week 104 for the
control group.

Body weght gans were significantly (p# 0.01) decreased for the 100- and 400-ppm maesduring
the first few weeks of the study as compared to the controls. Because fina body weights of the 100 ppm
maes were amilar to the controls, the initid reduction in weight gain was not considered biologically
significant. Find body weights of the high-dose maes were significantly (-14%; p # 0.05) less than the
controls. Body weights and body weight gains for the trested females were smilar to the controls
throughout the study. Food consumption by the high-dose groupswas decreased 15% inmaesand 19%
in femades during the firs week of the study, however, total food consumption for the entire study was
sgmilar to the control levels,

Platelet countswere sgnificantly (p # 0.05 or 0.01) increased (20% or less) inthe 100- and 400-
ppm males at week 12 and in 100- and 400-ppm maes and females at week 24, but not at later time
points. High-dose maes and femaes had significant (p # 0.05 or 0.01) decreases in red blood cell
parameters at week 104 as compared with the controls: hemoglobin was -15.6% and -17.6%,
respectively, erythrocytecountswere-14.1% and -21%, respectively, and PCV was-15.9% and -18.2%,
respectively.

Significant (p# 0.05 or 0.01) changesindinicd chemistry parameterswereobservedinhigh-dose
maes and femaes during the first year of the sudy. Inorganic phosphorouswasincreased by 7.3-38.5%
and cadumwasincressed by 3.4-10% in maesand femaes, cholesterol wasincreased by 45-110% and
ureawas increased by 20-54% in femaes; and the abumin/globulin ratio was decreased by 8.3-18.2%
infemaes. All parameters were Smilar to the control levels by week 104.

High-dose mdes and femdes had increased absolute and reative liver weights at al interim

sacrifices, dthough statistica significance was not dways reached. At study termination, absolute and
relative liver weights were sgnificantly (p # 0.01) increased by 21.2% and 38.5%, respectively, in high-
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dose maes and by 31.6% and 33.5%, respectively, in high-dose femaes. At 100 ppm, absolute liver
weights were increassed by 8.6-11.2% (n.s.) and relative liver weights were increased by 14.4-17.6% (p
# 0.05 or 0.01) for both sexes at week 104. Sgnificant (p # 0.05 or 0.01) increases in absolute and
relative spleenweightsat week 52 and inrdlative spleenweightsat week 104 were also noted, but the sex
was not identified. The incidence rate of periacinar hepatocytic hypertrophy was significantly increased
in the 100- and 400-ppm groups with 25/50 males and 19/50 females affected at 100 ppm and 40/50
maes and 43/50 femaes affected at 400 ppm. No treatment-related histopathologica lesions were
observed in the spleen or bone marrow.

Kidney lesons in maes indicative of dpha 22 globulin accumulation were observed in animals
treated with $10 ppm, but are not considered relevant to human health risk assessment.

Therefore, the systemic toxicity LOAEL for male and female ratsis 100 ppm (4.81 and
6.00 mg/kg/day, respectively) based on periacinar hepatocyte hypertrophy, increased liver and
spleen weights, and decr eased platelets. The systemic toxicity NOAEL is 10 ppm.

Among high-dose maes, there was an apparent increase in adrena pheochromocytomas. The
percentage of animals with tumors (benign and maignant) was 14, 12, 19, 14, and 26% in the O, 1, 10,
100, and 400 ppm groups, respectively. Statistical Sgnificance can be shown depending onthe test used.
Basad on the data presented in this study, an assessment of the carcinogenic potentid of lindane cannot
be made. Additiond histopathological examination of the adrenasfrom animasinthe 1, 10, and 100 ppm
groups, aswell as historica control data for thistumor type, are required. Thesedatawere submitted as
a separate study (MRID 42891401).

This chronic toxicity/oncogenicity study in the rat is Unacceptable/upgradable and does not
satisfy the guideine requirement for a combined chronic toxicity/oncogenicity study in rats [83-5].
Additiona data on adrena pheochromocytomas is necessary to complete the assessment.

EXECUTIVESUMMARY : Thecurrent study (MRID 42891201) wassubmitted assupplemental
information to the combined chronic toxicity/oncogenicity sudy. Data from additional microscopic
examination of the adrend gland from malesin the low- and two mid-dose groups and historical control
dataareincluded. In achronic toxicity/oncogenicity study (MRID 41853701), lindane (99.75% a.i., Lot
no. DA433) was administered inthe diet to groups of 50 mae and 50 femade Widtar ratsat concentrations
of 0, 1, 10, 100, or 400 ppmfor 2 years. Corresponding delivered doses were 0, 0.05, 0.47, 4.81, and
19.66 mg/kg/day, respectively, for madesand 0, 0.06, 0.59, 6.00, and 24.34 mg/kg/day, respectively, for
femaes. Anadditiona 15 rats/sex/group were designated for interim sacrifices at 30 days and 26 weeks,
the results from these interim sacrifices are presented separately (MRID 41094101).

Clinical Sgnsof toxicity conssted of convulsonsin 11 high-dose females. No other dinicd sgns
were observed. Surviva at the end of the study was 36, 36, 31, 20, and 16% for maesand 49, 38, 44,
35, and 18% for femaesin the O, 1, 10, 100, and 400 ppm groups, respectively. Surviva of high-dose
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maes was smilar to the controls through week 93. For females, however, surviva was significantly
decreased in the high-dose group with50% survival reached at week 89 compared to week 104 for the
control group.

Bodyweight gainswere significantly (p # 0.01) decreased for the 100- and 400-ppm maesduring
the first few weeks of the study as compared to the controls. Because find body weights of the 100 ppm
maes were Smilar to the controls, the initid reduction in weight gain was not considered biologicaly
sgnificant. Find body weights of the high-dose maes were sgnificartly (-14%; p # 0.05) less than the
controls. Body weights and body weight gains for the treated females were smilar to the controls
throughout the study. Food consumption by the high-dose groups was decreased 15% in males and 19%
in femaes during the firs week of the sudy, however, total food consumption for the entire study was
gmilar to the control levels,

Platelet counts were significantly (p # 0.05 or 0.01) increased (20% or less) inthe 100- and 400-
ppm maes a week 12 and in 100- and 400-ppm mades and femdes at week 24, but not at later time
points. High-dose males and females had significant (p # 0.05 or 0.01) decreases in red blood cdl
parameters at week 104 as compared with the controls. hemoglobin was -15.6% and -17.6%,
respectively, erythrocytecountswere-14.1% and -21%, respectively, and PCV was-15.9% and -18.2%,
respectively.

Sgnificant (p# 0.050r 0.01) changesindinica chemistry parameterswere observed inhigh-dose
maes and femaesduring the first year of the sudy. Inorganic phosphorous was increased by 7.3-38.5%
and cadciumwasincreased by 3.4-10% inmaesand femaes, cholesterol wasincreased by 45-110% and
ureawas increased by 20-54% in females; and the dbumin/globulin ratio was decreased by 8.3-18.2%
infemaes. All parameters were smilar to the control levels by week 104.

High-dose mdes and femdes had increased absolute and reative liver weights at al interim
sacrifices, dthough datistical sgnificance was not always reached. At study termination, absolute and
reldive liver weights were significantly (p # 0.01) increased by 21.2% and 38.5%, respectively, in high-
dose males and by 31.6% and 33.5%, respectively, in high-dose femaes. At 100 ppm, absolute liver
weights were increased by 8.6-11.2% (n.s.) and relative liver weightswereincreased by 14.4-17.6% (p
# 0.05 or 0.01) for both sexes at week 104. Sgnificant (p # 0.05 or 0.01) increases in absolute and
relative spleenweightsat week 52 and in relative spleen weightsat week 104 were aso noted, but the sex
was not identified.

The incidence rate of periacinar hepatocytic hypertrophy was sgnificantly increased in the 100-
and 400-ppm groups with 25/50 maes and 19/50 femaes affected at 100 ppm and 40/50 maes and
43/50 females affected at 400 ppm. No treatment-related histopathologica lesons were observed in the
spleen or bone marrow.

Kidney lesons in mdes indicative of dpha 2 globulin accumulation were observed in animds
treated with $10 ppm, but are not considered relevant to human health risk assessment.
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Therefore, the systemic toxicity LOAEL for male and femalerats is 100 ppm (4.81 and
6.00 mg/kg/day, respectively) based on periacinar hepatocyte hypertrophy, increased liver and
spleenweights, and decr eased platelets. Thesystemictoxicity NOAEL is10 ppm (0.47 and 0.59
mg/kg/day, males and females, respectively).

Eignt additiond maes were identified as having adrend pheochromocytomas. The revised
percentages of animaswith adrena tumorsin the 0, 1, 10, 100, and 400 ppm groups are 14, 16, 16, 6,
and 24% for benign tumors, respectively, and 0, O, 6, 8, and 2% for malignant tumors, respectively.
Statigtical sgnificance was not reached by rdevant tests. For comparison, historical control data from
Charles River and publications in the open literature were submitted. The 10 and 100 ppm groups had
maignant tumor incidencerates greater thanthe historical control rate (0-2%). The high-dose group aso
had adight excess of benign and combined tumor rates as compared with the historical control rates (8-
22% benign, combined could not be calculated), but this same net tumor incidence was the same asthe
control group of a published study. In the current study, pheochromocytomas were not considered the
cause of degth for any anima with the exception of asingle anima in the 200 ppm group.

Therefore, no evidence dose-related and datidticaly sgnificant increase in adrend tumors was
observed inthisstudy. The study was conducted at adequate dose levels.

This chronic toxicity/oncogenicity study inthe rat is Acceptable/guiddine (revised) and sisfies
the guideline requirement for a combined chronic toxicity/oncogenicity sudy in rats[83-5].

870.4100b Chronic Toxicity - Dog
Chronic studies in two species, rat and rabbit, are avallable. See chronic ord section for executive
summaries.

4.6 Carcinogenicity

Adegquacy of data base for Carcinogenicity: The data base for carcinogenicity is considered
incomplete. According to the TES committee report (1994), lindane has not been classified by the HED
Cancer Peer Review Committee. It was determined by the RfD/Peer Review Committee (1993) that:
"Themousecarcinogenicity datawere considered insufficdent because of magjor deficienciesassociated with
dl dudiesavailable." Lindane however had been previoudy (1985) classified by the Cancer Assessment
Group of the Office of Research and Development as a group B2/C carcinogen based on increased
incidence of mouse liver tumors. The upper-bound dope of the dose-response was given in that
memorandum as Q1* = 1.1 (mg/kg/day)™. A mouse carcinogenicity study is expected to be submitted
in December 2000.

870.4200a Car cinogenicity Study - rat
See the chronic toxicity section for executive summaries
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870.4200b Carcinogenicity (feeding) - Mouse
A new study is expected in December 2000.

EXECUTIVE SUMMARY : Inaspecid study, (MRID none) three strains of femaemice, agouti,
pseudoagouti, and black, were administered lindane at dietary concentrations of O or 160 ppm. The doses
were selected based ona preiminary study where no desths occurred after one month. Groups of 36-96
animds per strain were continuoudy fed treated or control diets for up to 24 months. Additiona groups
of 48-96 agouti and black mice werefed treated or control diets for 6 months then fed control diet for 6
or 18 months (recovery).

No dinica sgnsof toxicity and no survivd information were reported. No apparent effects on
body weightsor food consumptionwere observed, but only limited datawere presented. When compared
with untreated controls at 6 and 12 months, benzo(a)pyrene monooxygenase activity in the liver was
increased 1.61-1.84x in the agouti, 2.71-2.78x in the pseudoagouti, and 2.07-2.09x inthe black strains.

Liver weights were increased 14.7-31.2% in the agouti, 13.5-22.0% in the pseudoagouti, and
12.2-16.4% in the black drains at interva sacrifices up to 24 months. Following therecovery period, liver
weights of the treated mice were Smilar to the controls.

No evidence for increased incidence or decreased latency of liver tumors was observed for the
black gtrain at any time during the study (24 months) or for the pseudoagouti strain through the 18 month
sacrifice. At 18 months, 0/34 control and 12/36 (33%) of thetreated agouti mice devel oped hepatocel lular
adenomas, one carcinoma eachinthe treated and control groups was noted. Both the trested agouti and
pseudoagouti srains had clear increasesinadenomas and dight increasesin carcinomasat 24 months. The
incidence rates for the control and treated agouti groups were 9% and 35%, respectively, for adenomas
and 13% and 17%, respectively, for carcinomas. The incidence rates for the control and treated
pseudoagouti groups were 5% and 12%, respectively, for adenomas and 2% and 5%, respectively, for
carcinomas.

Increasesin Claracdl hyperplasawere noted inthe lung at dl sacrificeintervas for each strain and
the incidence of lung tumors was increased in later months for the agouti and pseudoagouti strains. The
percentage of micewith Claracdl hyperplasainthe control and treated groups was 6-31% and 72-92%,
respectively, for the agouti; 6-17% and 50-79%, respectively, for the pseudoagouti; and 0-14% and 56-
90%, respectively, for the black. Lung tumorsfor the agouti strain occurred in 0% of the control and 17%
of the treated animals a 18 months and 4% of the control and 19% of the trested animas a 24 months.
Lung tumorsin the pseudoagouti strain occurred in 6% of the controls and 14% of the treated animas a
24 months. After recovery, the incidences of Clara cel hyperplasia (agouti and black) and lung tumors
(agouti) remained dightly elevated as compared with the controls.

Inconclusion, dietary adminigrationof lindane resulted in the induction of liver and lung tumorsin

the agouti and pseudoagouti mouse strains and caused increased liver weights, increased enzyme activity,
and irreversble Clara cdl hyperplasain the lung of dl three mouse strains tested.
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This study is consdered Acceptable/nonguideliine as a specid study in mice. The study
deficendesincude only femaestested, only one dose leve tested, histopathology data provided for lung
and liver only, lack of anadytica chemigtry data, and no individud animd data. These study resultscan be
used as supplementary information to the chronic/oncogenicity sudy in rats,

4.7 Mutagenicity

Adequacy of data base for Mutagenicity: The data base for Mutagenicity is considered adequate
based on submitted studies and reports in the open literature. Lindane does not appear to be mutagenic.
In a mammdlian cdl gene mutation assay and an in vivo Sster chromatid exchange assay, no mutagenic
response was detected. The open literature suggests, however, that technicad grade HCH
(hexachlorohexane; 6.5% (-HCH) may induce some mutagenic activity as evidenced inadominant lethd
mutation assay and Sster chromatid exchanges. Overadl, based on the results of acceptable studies on
lindane, it does not gppear to have mutagenic potentid.

Gene Mutation

Ctuidelime #, cell gene In amammalian cell gene mutation assay conducted in Chinese hamster V79
mutation assay cells, lindane was tested in the absence of metabolic activation at dose levels of
MRID 00144500 25,5, 10, 25, 50, 70, 100, and 150 - g/ml and in the presence of metabolic
Unacceptable/Guideline activation at dose levels of 5, 10, 25, 50, 100 250 and 500 - g/ml. The S9 fraction

used for metabolic activation was obtained from Aroclor 1254-induced mouse
liver. Tests with and without activation were conducted under aerobic and
anaerobic conditions.

Under anaerobic conditions, lindane without S9 was cytotoxic to the V79 cells at
dose levels above 10 - g/ml and with S9 at dose levels above 150 mg/ml. No
mutagenic activity of lindane was observed in V79 cells under any combination
of conditions up to cytotoxic doses.

Cytogenetics
Cruideline #, sister Inamammalian in vivo sister chromatid exchange (SCE) assay, 50: g tablets of
chromatid exchange bromodeoxy-uridine were implanted into male and female CF-1 mice. Two hours
MRID 00024504 after implantation, lindane was administered ip in arachis oil at dose levels of 1.3,
Acceptable/Guideline 6.4 and 32.1 mg/kg. For each dose level and control group, 30 bone marrow cells

from each of 5 animals of each sex were examined for SCEs.

No toxicity was reported in any treatment group. When results for male and
female animals were pooled, only the highest dose produced a significant increase
in SCEs over the controls. Positive control values were appropriate.
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Ctuidelime #, dominant |ethal assay In amammalian dominant lethal assay, 10 male Sprague-Dawley rats of
MRID 00062657 unspecified age per group were exposed to lindane administered by
Unacceptable/Guideline subcutaneous injection in corn oil a doses of 0, 1, 3, and 10 mg/kg five

time per week for 10 weeks. Uteri were examined for live and dead
implants and abnormalities. Males were also sacrificed and gross
pathologica analysis performed.

The incidence of dead implants was significantly increased at the lowest
dose but not at the two higher doses in the first week of mating but this
increase was not observed during the second week. The authors
concludethat lindanedid not cause an increase in the incidence of
dominant lethalsin this study.

4.8 Neurotoxicity

Adequacy of data base for Neurotoxicity: Neurotoxicity studies (acute, subacute and
developmentd) have been submitted. Lindaneisaneurotoxicant. Inacute, subchronic and developmental
neurotoxicity studies, it was found to cause neurotoxic effects induding tremors, convulsions, decreased
motor activity, increased fordimb grip sirength, hypersengtivity to touch, hunched posture and decreased
motor activity habituation. There also appears to be a greater susceptibility to exposure by offspring
compared to parental animals. The LOAEL for offspring toxicity is 50 ppm (5.6 mg/kg/day) based on
reduced pup survival, decreased body weights and body weight gains during lactation, increased motor
activity, and decreased motor activity habituation compared to a LOAEL of 120 ppm (13.7 mg/kg/day)
based on decreased body weight gains, decreased food consumption, and increased reactivity to handing
for maternd toxicity.

870.6100 Delayed Neurotoxicity Study - Hen
Not required

870.6200 Acute Neur otoxicity Screening Battery

EXECUTIVE SUMMARY : Inan acute ord neurotoxicity study (MRID 44769201), groups of
10 Crl:CD®BR rats/sex/dose were administered single dose of lindane (Batch No. HLS96/1, Purity
99.78%) by gavage at concentrations of O (contral), 6, 20, or 60 mg/kg. Functiona observationd battery
(FOB) and motor activity (MA) testing were performed prior to adminidiration and within 3 hours (time
of peak effect) of dosing (day 0), and ondays 7 and 14 post-dose. Body weightswererecorded pre-test,
weskly during the study period and on FOB assessment days. Clinical Signs were recorded at least once
daly. At sudy termination al animas were sacrificed and fixed by whole body perfuson, designated
tissues of the nervous system were processed for microscopic neuropathologica evauation.

All animds survived to scheduled termination. One male in the 60 mg/kg group was observed to
convulse on the day of trestment within 2.75 hours after dosing. Clinica signs were aso observed in
femaes treated a 60 mg/kg within 24 hours of dosing and included: staining of the fur, stained urogenital
region, hunched posture, and piloerection. These effects in femdes persisted for four days. Sgnificant
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treatment-related decreases in body weight gains were observed for males in the 60 mg/kg group
compared to the control group for thefirs week of the sudy. Fema esadministered thisconcentration dso
had dightly lower body weight gains throughout the study. Food consumption for males and females
administered 60 mg/kg was significantly decreased compared to controls for Week 1 of the sudy. Food
conversion ratios in the treated groups were not changed compared to control groups.

At the fird FOB assessment on Day 0 (3 hours after dosing) maes and femaesin the 60 mg/kg
group exhibited piloerection (1 %, 2 &), decreased recta temperature (1%, 1 &), increased hindlimb foot
splay and hunched posture (4 %, 7 &). Among maes dosed at 60 mg/kg, increased respiration (3 %, 1
&) and one observation of tremor/twitching were observed. Females administered 60 mg/kg were
observed to have increased incidences of waking on tip toes (10), licking behavior (3), decreased foot
splay (3) and an absence of grooming (8) behavior. Femaesin the 20 mg/kg a so had decreased grooming
(3) behavior and increased fordimb grip strength. Motor activity wassgnificantly decreased for malesand
femaestreated with 60 mg/kgas wdl as among femaestreated with 20 mg/kg three hours post-treatment.
The 6 mg/kg group remained comparable to controlsin FOB assessment parameters and MA.

No neuropathologica endpoints were observed during the histological examinations of the
peripherd or centrd nervous systems of these animals at any exposure concentration.

The NOAEL for systemictoxicity is 20 mg/kg for malesand 6 mg/kg for females. Based
onthe substance-r elatedeffects on body weight, body weight gain, food consumption, and clinical
ggns of toxicity the LOAEL for systemictoxicity in malesis 60 mg/kg. The LOAEL for females
is 20 mg/kgbased on a lower incidence of grooming behavior and decreased locomotor activity
immediately after dosing, in addition to the parameters mentioned above.

The NOAEL for neurotoxic effectsis 6 mg/kg for femalesand the LOAEL is 20 mg/kg
basedonincreased forelimb grip strength and decreased grooming behavior and motor activity
(MA). TheNOAEL for neurotoxicity in malesis20mg/kg and theLOAEL for malesis60 mg/kg
based on tremors, convulsions, decreased M A, and increased forelimb grip strength.

This study is classfied Acceptable/guideine and satisfiesthe Subdivison F guiddine requirement
for an acute ord neurotoxicity study (881-8) in rats.

870.6200 Subchronic Neurotoxicity Screening Battery

EXECUTIVE SUMMARY : Inasubchronic ord neurotoxicity study (MRID 44781101), groups
of 10 Crl:CD®BR rats/sex/group were administered lindane (BatchNo. HL S96/1, Purity 99.78%) inthe
diet for 13 weeks at concentrations of O (control), 20, 100, or 500 ppm. Due to severe toxic reactions
to trestment at 500 ppm, the dose was reduced to 400 ppm on day 11 of trestment thereafter. These
dosesresulted inaverage daily intakevauesof 0, 1.4, 7.1, and 28.1 mg/kg/day for malesand 0, 1.6, 7.9,
and 30.2 mg/kg/day in femaesfor 0, 20, 100, and 500/400 ppm, respectively. Functiona observationd
battery (FOB) and motor activity (MA) tests were performed prior to administration and after 4, 8, and
13 weeks of treatment. Body weights were recorded pre-test, weekly during the study period and on
FOB assessment days. Clinicd sgnswere recorded at least once daily. At study termination al animas
were sacrificed and fixed by whole body perfusion and designated tissues of the nervous system were
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processed for microscopic neuropathological evaluation.

Three femaes in the 500/400 group died prior to scheduled termination. These deaths were
attributed to trestment with lindane. One desth was recorded on Day 11 of the sudy, one during week
10 and one during week 13. Clinica signs prior to death included weight loss, swollen muzzle with
scabbing, hunched posture, piloerection, and staining of the anogenitd region. Observationsin surviving
femdes treated at 500/400 ppm were hypersengitivity to touch, staining of the urogenita region, and
scabbing of the toes.

Sgnificant trestment-related decreases (p<0.05 or p<0.01) inbody weight were observed among
males and females treated with 500/400 ppm of 14% and 23%, respectively. Decreasesin body weight
gans (70% % and 180% &, p<0.01), food consumption (35% % and 50% &, p<0.05 or p<0.01,
respectively), and food conversion ratios were observed for maes and femaes in the 500 ppm groups
compared to the control group for the first week of the sudy. Male rats tended to recover from these
effects after the dose waslowered. Femaes, however, did not exhibit this sameleve of recovery asthar
food consumption remained dightly depressed throughout the remainder of the study.

Females in the 100 ppm group had sgnificantly decreased body weight gains (40%, p<0.05)
compared to the control group during the first week of the study and this effect continued, dthough not at
a leve of ggnificance throughout the remainder of the study. Females in the 100 ppm group had
sgnificantly decreased food consumption (16%, p<0.01) for the firs week of the study and this trend
continued throughout the study. Liver weights were also found to be increased at 500/400 ppm for both
sexes, no additiond information was given.

During the FOB assessment (table A is attached at the end of this document), males and femaes
treated at the highest dose (500/400 ppm) were perceived as difficult to handle. They a so were observed
to have piloerectionand hunched posture. Femaesin the highest dose group had missing claws(3), tended
to urinate more often than controls, had a higher incidence of grooming behavior, rearing, motor activity,
and onefemae was observed to convulse. Femaes across the dose groups were observed walking on
tiptoes (5-7) and these incidences were sgnificantly increased compared to the control (1) for the highest
dosegroup. Femaes(5) inthe 100 ppm group aso had increased incidences of grooming behavior at the
Week 4 evauation and one animd in this group was extremely difficult to handle.

The assessments of fordimb and hindlimb grip strength as well as hindlimb splay revealed no
differencesfor any of the treated groups compared to the control groups. Colburn motor activity wasaso
smilar anong trested groups compared to the control groups.

No neuropathologica endpoints attributable to lindane adminigtration were observed during the

histologica examinations of the periphera or centra nervous sysems of these animdls at any exposure
concentration.
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The NOAEL for systemic toxicity is 100 ppm for males (7.1 mg/kg) and 20 ppm for
females (1.6 mg/kg). Based on the substance-related effects on body weight, body weight gain,
food consumption, and clinical signs of toxicity the LOAEL levels for systemictoxicity in males
is 500/400 ppm (28.1 mg/kg)and 100 ppm for females (7.9 mg/kg).

The NOAEL for neurotoxic effects is 100 ppm for males (7.1 mg/kg) and females (7.9
mg/kg). The neurotoxicity LOAEL is 500/400 ppm based on hypersensitivity to touch and
hunched posture.

This study is classfied Acceptable/guiddine and satisfiesthe SubdivisionF guiddinerequirement
for an acute ord neurotoxicity study (881-8) inrats.

870.6300 Developmental Neurotoxicity Study

EXECUTIVE SUMMARY : In adevelopmenta neurotoxicity sudy (MRID 45073501), lindane
(Batch No. HLS 96/1; 99.78% a.i.) was administered to presumed pregnant Hsd Brl Han:Wist (Han
Widtar) rats in the diet at concentrations of 0, 10, 50, or 120 ppm from gestation day (GD) 6 through
lactation day 10. These concentrations resulted in Fy maternal doses of 0.8-0.9, 4.2-4.6, and 8.0-10.5
mg/kg/day, respectively, during gestation and 1.2-1.7, 5.6-8.3, and 13.7-19.1 mg/kg/day, respectively,
during lactation. The developmenta neurctoxicity of lindane was evauated in the F; offspring. F; animas
(10/sx) were eva uated for FOB, motor activity, auditory startle response, and learning and memory as
well as developmental landmarks such as vagind perforation and balanopreputial separation, and brain
welights and histopathology on days 11 and 65, including morphometrics.

Smdl differencesin absol ute maternal body weights (7-8%) were observed betweenthe high dose
and control groups during gestation and early lactation (through day 11). Body weight gains by the high-
dose dams from GD 6 through GD 20 were 64-79% (p # 0.01) of the control level. Body weight changes
during lactationwere Smilar betweenthe treated and control groups.  During gestation, food consumption
by the high-dose group was sgnificantly (p # 0.01; 74-92% of controls) less than the control group for
the intervals of GD 10-13, 14-17, and 18-19. Food consumption by the low- and mid-dose groups during
gedtation and by al treated groups during lactation was smilar to the controls.

Absolute body weights of the treated mae and femae pups in mid and high dose groups during
lactation were 12-18% and 16-20% less than controls, respectively on days 4-11 of lactation with
recovery to less than 10% by day 21. Body weight gains (p # 0.05 or 0.01) on lactation days 1-4 and
1-11 were 76% and 84%, respectively, of the control levels for mid-dose males, 79% and 79%,
respectively, for mid-dose females, 60% and 73%, respectively for high-dose males, and 63 and 75%,
respectively, for high-dose femaes. Body weight gains by dl trested groups were smilar to the
controls during lactation days 11-21. Except for mid and high dose femaes, postweaning, body weight
gains were Smilar between the treated and control groups. Body weight differences for high dose dams
were 10% less at the beginning of lactation and recovered to 6% less by the end of the studly.

The high-dose group had a greater number of gtillborn pups as indicated by a live birth index of
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77% compared with 99% for the control group. In addition, nine high-dose litters either died or were
sacrificed moribund onlactationdays 1-4. Thisresultedinaviability index for the high-dose group of 71%
compared with 89% for the controls. Pup mortaity in the mid and high-dose groupsinlitters surviving to
weaning was greater before day 4 than in controls [ 3 pupsin 2/20 controls; 18 pupsin 8/22 litters, mid
dose; 14 pupsin 4/15 litters, high dose]. Surviva was not affected at any timein the low dose group as
compared with the control group. No dose- or trestment-related differences were observed between
treated and control groups for duration of gestation, number of pups/litter on day 1, or per cent mae

offspring.

At necropsy, no treatment-related gross abnormadities were observed in the dams or offspring.
Absolute and relative liver and kidney weights of the offpring were not affected by treatment.

A few dinicd sgnswere observed in high dose dams and pups; increased reectivity to handling in
dams on weeks 2 and 3 of dosing, and dower surfacerighting in pupson day 4. There were no effects on
measures of physica or sexud development.

There was an increase in motor activity at the mid and high dose during lactation in both sexes.
Some decrease in habituation of motor activity in femaes on day 22 was also seen. While there was no
effect on auditory dartle reflex amplitudes, there was a clear reduction in auditory startle response
habituationin both sexes at the high dose on day 28 and on day 60. Slight decreases in absolute, but not
relative, brain weights in mid and high dose fema e pups were observed on postnatal day 11 (9-10%) but
narrowed to 3-5% lessby day 65. Brain lengths and widths were smilar betweenthe treated and control
pups. Morphometric brain measurements did not show any sgnificant differences in the szes of the
neocortex, hippocampus, corpus cadlosum, or cerebellum on days 11 or 65. There were no effects on
histopathology of the nervous system.

The maternal toxicity LOAEL is 120 ppm (13.7 mg/kg/day) based on decreased body
weight gains, decreased food consumption, and increased reactivity to handling.

The maternal toxicity NOAEL is 50 ppm (5.6 mg/kg/day).

The offspring toxicity LOAEL is 50 ppm (5.6 mg/kg/day) based on reducedpup survival,
decr eased body weights and body weight gains during lactation, increased motor activity, and
decreased motor activity habituation.

The offspring toxicity NOAEL is 10 ppm (1.2 mg/kg/day).

ThisstudyisclassfiedasUnacceptable/Guiddine [870.6300(883-6)] sincelaboratory vaidation
studies of the neurobehaviord testswere not included, but it may be upgraded and found acceptable if this

information is obtained. The number of animals tested at the highest dose is only 6 compared to the
required number of 10 animals per dose.
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4.9 Metabolism

Adequacy of data base for metabolism: The data base for metabolism is considered to be
complete. No additional sudiesarerequired at thistime. Lindaneisdistributed to dl organsat measurable
concentrations withinafew hoursafter oral adminidration. Thehighest concentrationsarefoundin adipose
tissue. The metabolism of lindane is initiated through one of pathways: Dehydrogenation leading to (-
HCH, Dehydrochlorination leading to formation of (-PCCH, Dechlorination leading to formation of (-
tetrachlorohexene, or Hydroxylationleading to formation of hexachlorocyclohexanol. Further metabolism
leads to a large number of metabolites. Volatilizalion gppears to be an important route of its dissipation
under the high-temperature conditions of tropica regions. Lindane is converted by enzymatic reactions,
manly inthe liver. In mammals, including humans, lindane isexcreted very rapidly in urine and faeces after
metabolic degradation; only smal amountsare eiminated unchanged. Thehdf-lifeof lindaneadministered
to rats is 2-4 days depending on the frequency of exposures, single or repested.

870.7600 Dermal Absorption - Rat

EXECUTIVE SUMMARY: In a dema absorption study, (MRID 40056107) 24 mae
Crl:CD®(SD)BR rats per group received derma applications of lindane 20% emulsfisble concentrate
([**C]-Lindane and unlabeled Lindane) at doses of 0.1, 1.0, or 10 mg/rat. Four animas/group werebled
and sacrificed at intervals of 0.5, 1, 2, 4, 10, or 24 hours after application of the test article.

Quantities absorbed increased with dose and duration of exposure while percent absorbed
increased withtime and decreased withdose. Percents of the low-, mid-, and high-doses absorbed were
0.6, 0.96, and 0.66% after 0.5 hours, 18.07, 8.31, and 2.81% after 10 hours; and then, increased to
27.72, 20.86, and 5.05% after 24 hours. The total amount of test articdle absorbed after 24 hours, as
caculated fromurine, feces, and carcass, was 0.028, 0.21, and 0.51 mgfor the low-, mid-, and high-dose
groups, respectively. The process appears to be approaching saturation at the high dose. Recovered
radioactivity (absorbed, skin, skin rinse, filter paper and spreader) was 74.19, 70.19 and 58.35% of the
applied dose after 24 hours of exposure in the low-, mid-, and high-dose, respectively.

This study is consdered Acceptable/guideline and stisfies the requirements for a dermal
absorption study in rats [85-2].

EXECUTIVE SUMMARY: In a demd absorption study, (MRID 40056108) 24 mde
Hra(NZW)SPF rabbits per group received derma applications of lindane 20% emulsifiable concentrate
([*C]-Lindane and unlabeled Lindane) a doses of 0.5, 5.0, or 50 mg/rabbit. Four animas/'group were
bled and sacrificed at intervals of 0.5, 1, 2, 4, 10, or 24 hours after gpplication of the test article.

Quantities absorbed increased with dose and duration of exposure while percent absorbed
increased with time and decreased with dose.  Percentages of the low-, mid-, and high-doses absorbed
were5.97, 6.68, and 1.99% after 0.5 hours; 51.68, 23.76 and 10.96% after 10 hours; and thenincreased
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t055.68, 39.99, and 16.56% after 24 hours. The total amount of test article absorbed after 24 hours, as
caculated from urine, feces, and carcass, was0.28, 2.00, and 8.46 mgfor the low-, mid-, and high-dose
groups, repectively. Theorigina DER satesthat no evidence of saturation of the absorption processwas
observed; however upon further examination it gppears that there is evidence of saturation at the highest
dose (50 mg/rabbit) tested. Recovered radioactivity (absorbed, skin, skinrinse, filter paper and spreader)
was 82.01, 78.27 and 66.34% of the gpplied dose after 24 hours of exposureinthe low-, mid-, and high-

dose, respectively.

This sudy is considered Acceptable/guideline and sttisfies the requirements for a dermal
absorptionstudy inrabbits[85-2]. However, it should be noted that the rabbit is not the preferred species
for dermal absorption Sudies asit grosdy overestimates absorption compared to man.

5.0 TOXICITY ENDPOINT SELECTION
5.1 See Section 9.2 for Endpoint Selection Table.

5.2 Dermal Absorption

Derma Absorption Factor: 10 %

The HIARC concurred with the TES committee decison (HED Doc. # 013460) that the dermal
absorption factor is 10% based on a published report by Feldmanand Maibach (Toxicology and Applied
Pharmacology 28, 126-132, 1974).

The Maibach study tested 12 pesticides and herbicides, including lindane, on human subjects (6
per chemicd) to quantitate their dermal penetration. C*-labeled chemicds were applied topicaly
(4ng/en) to the forearm or via the intravenous route (1nCi). Excretion of the chemicas was then
monitored by collecting and andyzing urine samples during the 5 day testing period. All results were
caculated as percent of the injected or applied dose. Data obtained after 1V dosing was used to correct
the skin penetration datafor incomplete urinary recovery. Lindane was shown to have apenetration factor
of 9.3% + 3.7 (SD).

The derma absorption factor is required for dermal exposure for dl duraions of exposure, risk
assessment since ord doses were selected for these exposure periods.
5.3 Classification of Carcinogenic Potential
The classfication of carcinogenic potentid will be re-evaluated upon receipt of a new mouse

carcinogenicity study, expected in December 2000. Currently, according to the TES committee report
(1994, Doc 013460), lindane has not been classified by the HED Cancer Peer Review Committee. The
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RfD/Peer Review Committee in 1993 concluded that: "The mouse carcinogenicity detawere considered
insuffident because of mgjor deficienciesassociated withdl studiesavailable” Lindane however had been
previoudy (1985) dassified by the Cancer Assessment Group of the Office of Research and Devel opment
asagroup B2/C carcinogenbased onincreased incidence of mouselivertumors. Althoughtheanimad data
was limited, the presence of a carcinogenic metabolite, 2,4,6-trichlorophenal, in meaningful quantities in
the urine of humans exposad to lindane and the structural Smilarity with a rodent carcinogen, apha
hexachlorocyclohexane, elevated the classfication abovea“C’ to “B2".  The upper-bound dope of the
dose-response was Q1* = 1.1 (mg/kg/day) ™.

6.0 FQPA CONSIDERATIONS
6.1 Special Senditivity to Infantsand Children

Although the developmental study in ras provided no indication of aquantitative increased
susceptibility/sengtivity following in utero exposure to lindane, evidence of a quditative increase in
susceptibility was noted inthe devel opmenta neurotoxicity study and the 2-generationreproductive study
inrats. Therefore, the FQPA committee decided to reduce the safety factor to 3X for lindane.

In the prenatal developmenta toxicity Sudiesin rats, developmentd effects were observed only
at or above doses causing materna toxicity. The prenatal developmental study in rabbits is classfied as
Unacceptable (not upgradable) sncematerna and devel opmenta toxicity LOAEL s were not identified and
the highest dose did not approach the limit dose. Therefore, dose selection was considered inadequate.
Doseswerebased on the results of a subcutaneous study in the rabbit (MRID 00062658) which is not a
vaid method for sdlecting doses for an oral sudy. Severa other deficiencies were noted in the conduct
of this study, included: percent purity of the test article was not given, dosing solutions were not andyzed
for concentration, sability, or homogeneity, and much of theindividua anima datawere not included.

Although the developmental toxicity study in rabbits was classified unacceptable, the HIARC
concluded that anew study isnot required because: 1) The developmental toxicity study inrabbitsand rats
usng a subcutaneous route of adminigtration shows no developmentd effectsat the materndly toxic dose;
2) Theincidences of skeletd effects observed in the developmentd toxicity study in rats, with gavage as
the route of adminigtration, are within hitorica controls; 3) More severe maternd effects are seenin the
rabbit study with subcutaneous adminigtration; 4) The rat appears to be the more sendtive species for
developmentd effects; 5) A developmental neurotoxicity study has aready been submitted.

There was, however, evidence of quditetive increased susceptibility in the rat multi-generation
reproduction study: Both parental and offsoring LOAELS are 13 mg/kg; however there is a quaitative
difference in the severity of effects. In the parental animals, toxicity was seen in the form of reduction in
body weght gain during gestationwhile offspring toxicity was correl ated with decreasesinpup viability and
pup body weight inthe F, and F, generations aswdll as delayed maturation in the F, generation. Evidence
for quantitetive increase in susceptibility could not be ascertained due to the wide spread in the doses
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tested.

There is dso quantitative increased susceptibility demonstrated in the rat developmental
neurotoxicity sudy: Maternal toxicity observed at 120 ppm (13.7 mg/kg/day, LOAEL) is based on
decreased body weight gains, decreased food consumption, and increased reactivity to handling (materna
NOAEL is 50 ppm; 5.6 mgkg/day). Offspring toxicity was observed at 50 ppm (5.6 mg/kg/day,
LOAEL) and is based on reduced pup surviva, decreased body weights and body weight gains during
lactation, increased motor activity, and decreased motor activity habituation (NOAEL is 10 ppm; 1.2
mg/kg/day).

The offoring effects seen in the developmenta neurotoxicity study were the same as those seen
in the the two-generation reproduction study - no additional functiond or morphologica changes in the
nervous system were noted. In the open literature, lindane is found in mother’s milk and metabolites of
lindane have been shown to cross the placenta barrier.

6.2 Recommendation for a Developmental Neur otoxicity Study
A developmenta neurotoxicity study has aready been conducted.
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8.0 APPENDICES
Tablesfor Usein Risk Assessment
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8.1 Toxicity Profile Summary Tables

8.1.1 Acute Toxicity Table- See Section 4.1

8.1.2 Subchronic, Chronic and Other Toxicity Tables

Tablel
Guideline No./ MRID No. (year)/ Results
Study Type Classification
/Doses

870.3250 41427601 NOAEL = 60 mg/kg/day

90-Day dermal acceptable/ guideline LOAEL = 10 mg/kg/day based on lesion in the liver in
toxicity 1990 males and females and adrenal gland weight increases

in males
870.3465 00255003 NOAEL = 0.025 mg/kg/day

90-Day inhaation
toxicity

acceptable/guideline
1983

LOAEL = 0.13 mg/kg/day based on transient
microscopic lesions in the kidney and increased kidney
weights in the males.

40873501
acceptable/guideline
1988

NOAEL = 0.08 mg/kg/day
LOAEL = 0.25 mg/kg/day based on desth of one mae
and one femae

870.3700a
Prenatal
developmenta in
rat

00062656 Maternal NOAEL = 5 mg/kg/day

(Subcutaneous) LOAEL = 15 mg/kg/day based on reduced body weight
unacceptabl e/ Developmental NOAEL = >30 mg/kg/day
nonguideline LOAEL = not identified

1976

42808001 Maternal NOAEL = 5 mg/kg/day

acceptable/ guideline
1971

LOAEL = 10 mg/kg/day based on reduced body weight
and food consumption

Developmental NOAEL = 10 mg/kg/day

LOAEL = 20 mg/kg/day based on skeletal variation.

870.3700b
Prenatal
developmenta in
rabbit

00062658 Maternal NOAEL = 5 mg/kg/day
(Subcutaneous) LOAEL = 15 mg/kg/day based on clinical signs,
unacceptable/ mortality, reduced body weight

nonguideline Developmental NOAEL $15 mg/kg/day

1976 LOAEL = not identified

42808002 Maternal NOAEL $20 mg/kg/day
unacceptable/ LOAEL = not identified

nonguideline Developmental NOAEL $20 mg/kg/day

1971 LOAEL = not identified
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Guideline No./ MRID No. (year)/ Results
Study Type Classification
/Doses
870.3800 42246101 NOAEL = 1.7 mg/kg/day &; 0.09mg/kg/day %
Reproduction and acceptable/ guideline LOAEL = 13 mg/kg/day based on reduced body weight
fertility effects 1991 &; 1.7 mg/kg/day based on increased kidney weight
and alpha-2 globulin accumulation %
870.4100a 41094101 NOAEL =0.6 mg/kg/day
Chronic toxicity 41853701 LOAEL = 4.8 mg/kg/day %; 6 mg/kg/day & based on
rodents 42891201 periacinar hepatocyte hypertrophy, increased liver and

870.4200
Carcinogenicity
rats

acceptable/ guideline
1993

spleen weights, and decreased platelets
no evidence of carcinogenicity

neurotoxicity
screening battery

1999

870.4300 specia study NOAEL = not identified

Carcinogenicity 1987 LOAEL = 23 mg/kg/day based on induction of tumors,

mice increased liver weights, increased enzyme activity, and
irreversible Clara cell hyperplasiain lung
evidence of carcinogenicity- liver and lung tumors

870.5300 00144500 negative

Gene Mutation unacceptable/guideline

Mammalian Cell 1985

870.5915 00024504 negative

In Vivo Sister unacceptable guideline

Chromatid 1984

Exchange

870.5450 00062657 negative

dominant lethal unacceptable guideline

assay

870.6200a 44769201 NOAEL = 6 mg/kg/day &; 20 mg/kg/day %

Acute acceptable/ guideline LOAEL = 20 mg/kg/day based on icreased grip

strength and motor activity.
60 mg/kg/day based on tremors, convulsions, decreased
motor activity and increased grip strngth.

870.6200b
Subchronic
neurotoxicity
screening battery

44781101
acceptable/ guideline
1999

NOAEL = 7.9 mg/kg/day&; 7.1 mg/kg/day%
LOAEL = 30.2 mg/kg/day and 28.1 mg/kg/day based
on hypersensitivity to touch and hunched posture
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Guideline No./ MRID No. (year)/ Results
Study Type Classification
/Doses
870.6300 45073501 Maternal NOAEL = 5.6 mg/kg/day
Developmental unacceptable/guideline LOAEL = 13.7 mg/kg/day based on decreased body

neurotoxicity

1999

weight gains, decreased food consumption, and

increased reactivity to handling.

Offspring NOAEL = 1.2 mg/kg/day

LOAEL = 5.6 mg/kg/day based on reduced pup
survival, decreased body weights and body weight
gains during lactation, increased motor activity, and
decreased motor activity habituation.

870.7600
Dermal
penetration

40056107-rat
40056108-rabbit
acceptable/ guideline
1987

18 % absorption at 10 hours
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Table 2 Summary of Toxicological Dose and Endpoints for LINDANE for Use in Human Risk

Assessment?
Exposure Dose Used in FQPA SF and Study and Toxicological Effects
Scenario Risk Endpoint for Risk
Assessment, Assessment
UF
Acute Digtary not gpplicable; no relevant Sngle
females 13-50 exposure endpoint was identified
years of age
Acute Digtary NOAEL=6 FQPA SF=3 Acute Neurotoxicity in Rats/
generd mg/kg/day MRID 44769201
population UF =100 aPAD = acute RfD
indudinginfants | Acute RfD = FQPA SF | LOAEL is20 mg/kg based on
and children 0.06 increased grip strength, increased
mg/kg/day =0.02 mg/kg/day Motor Activity
Chronic Dietary | NOAEL= FQPA SF=3 Chronic Feeding and Carcinogenicity
al populations 0.47 in Rets
mg/kg/day cPAD = dr RID MRID 41094101, 41853701,
FQPA SF | 42891201
UF = 100
=0.0016 mg/kg/day | LOAEL is4.81 mg/kg/day based on
Chronic RfD periacinar hepatocyte hypertrophy,
=0.0047 increased liver/spleen weigt, increased
mg/kg/day platelets
Short-Term ord study LOC for MOE = Developmenta Neurotoxicity Study in
Dermd (1-7 NOAEL=1.2 | 100 (Occupationd) | Rats (MRID 45073501)
days) mg/kg/day
(dermal no residential LOAEL is5.6 mg/kg/day based on
(Occupationd/ absorption exposur e expected | reduced pup surviva, decreased body
Resdentid) rate = 10%) weights and body weight gains during
lactation, increased motor activity, and
decreased motor activity habituation
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Exposure Dose Used in FQPA SF and Study and Toxicological Effects
Scenario Risk Endpoint for Risk
Assessment, Assessment
UF
I ntermedi ate- ord study LOC for MOE = Developmenta Neurotoxicity Study in
Term NOAEL=1.2 | 100 (Occupationd) | Rats (MRID 45073501)
Derma (1 week | mg/kg/day
- severd (derma LOAEL is5.6 mg/kg/day based on
months) absorption reduced pup survival, decreased body
rate = 10%,) weights and body weight gains during
(Occupationd) lactation, increased motor activity, and
decreased motor activity habituation.
Long-Term ora study LOC for MOE = Chronic Feeding and Carcinogenicity
Derma (severd | NOAEL= 100 (Occupationa) | inRats
months - 0.47 MRID 41094101, 41853701,
lifetime) mg/kg/day 42891201
(derma
(Occupationa) absorption LOAEL is4.81 mg/kg/day based on
rate = 10%,) periacinar hepatocyte hypertrophy,
incressed liver/spleen weigt, increased
platelets
Short-Term inhdation LOC for MOE = 90-Day Inhdtion Toxicity
Inhdation (1-7 | study 100 (Occupational) | MRID 00255003
days) LOAEL=
0.13 based on clinical Sgns (diarrhea,
(Occupationd) mg/kg/day piloerection) seen a day 14 and
continuing for 20 days.
Intermediate- inhdation LOC for MOE = 90-Day Inhdation Toxicity
Term Inhdation | study 100 (Occupationa) | MRID 00255003
(1 week - NOAEL=
severd months) | 0.025 LOAEL is 0.13 mg/kg/day based on
mg/kg/day micro lesonsin kidney, increased
(Occupationd) kidney weight
Cancer (ora) group B2/C Ql*=11 based on increased incidence of
carcinoger., (mg/kg/day) * mouse liver tumors

L UF = uncertainty factor, FQPA SF = FQPA safety factor, NOAEL = no observed adverse effect
level, LOAEL = lowest observed adverse effect level, PAD = population adjusted dose (a= acute, ¢ =
chronic) RfD = reference dose, LOC = levd of concern, MOE = margin of exposure
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